Chemotherapy treatments are considered essential tools to defeat cancer progression and dissemination to improve patients' quality of life and survival. Although most malignancies initially respond to chemotherapeutic treatments, after an unpredictable period, tumor cells develop mechanisms of resistance to the treatment. Different cell compartments are involved in the mechanism of chemoresistance, and multiple mechanisms can be activated by single cells at different times of the cancer progression. Alteration of drug metabolism, derangement of intracellular pathways' signaling, cross-talk between different membrane receptors, and modification of apoptotic signaling and interference with cell replication are all mechanisms that the cell uses to overcome the effect of pharmacological compounds.
D uring the 1950s, with the beginning of ''modern era'' of cancer chemotherapy, Goodman and colleagues 1 realized that chemical compounds might have an initial drastic effect on tumor growth, but often because of novel molecular adaptation within the malignancy, cancer cells acquire the capability of overcoming the momentary toxic effect of chemotherapeutic agents. In the mid-60s, Frei and colleagues proposed a different therapeutic approach to overcome the development of chemoresistance. 2 They hypothesized that combinations of drugs, each with a distinctive mechanism of action, should overcome the development of mechanism of resistance described with singleagent regimens. Indeed, by combing 4 different agents, they were able to produce long-term remissions in children with acute lymphoblastic leukemia. Since than, scientists and clinicians have experienced rewards and frustrations in developing novel therapeutic strategies to improve patients' quality of life and survival. 2 Although important advancements in the field have been reached, thanks to the development of more effective agents and to a better understanding of the underlying biology, the multifactorial nature of this phenomenon still represents a central inquiry for the development of more successful chemotherapeutic strategies. Recent studies have demonstrated that, although 90% of breast cancer, and 50% of its metastatic lesions, initially respond to chemotherapeutic treatment, after an unpredictable period, tumor cells develop diverse mechanisms of resistance to the treatment. 3 Because of tumors' heterogeneity (site of origin, stage, and other molecular characteristics) and different adaptation of tumor cells to chemotherapeutic agents, evaluation of successful regimens and improvement of the response rate to chemotherapeutic agents are complicated and sometimes deceptive. Indeed, it is currently common practice to focus on response rate rather than success rate of chemotherapy. Reduction or stabilization of tumor mass, decline of symptoms, and decrease of serum level of specific biomarkers, rather than 5-year overall survival, represent the main goals in treating and monitoring patients' response to adjuvant and neoadjuvant regimens.
Anatomic characteristic of the tumor, pharmaceutical properties of different compounds, and the interaction between host and drugs are all elements that play a central role in the success of the therapeutic strategies. The neoplastic cells need to constantly readapt to different stimulations to preserve cells survival and tumor homeostasis in unfavorable conditions. To overcome the toxic effects of curative compounds, cancer cells have to continuously develop the capability to implement and strengthen normal physiological functions or to mature de novo mechanisms of resistance against single selected compounds or multiple agents, often apparently unrelated. Nearly any type of chemoresistances is a multifactorial process involving induction of drug-detoxifying mechanism, quantitative and qualitative modification of drug targets, arrest of cell cycle, regulation of DNA replication or reparation mechanisms, and modulation of apoptosis 4 (Fig. 1 ). These modifications are acquired in response to a selection pressure by the drug treatment (acquired resistance) or expressed by cells already resistant and that will never respond to the drug treatment (intrinsic resistance).
Because the response to specific therapeutic regimens induces unpredictable and dynamic cell derangement to overcome the toxic effect of treatment, it is fundamental in oncologic research to discover reliable and early secreted predictive and prognostic biomarkers able to signal novel adaption of the tumor. 5 In the past decades, the development of more sophisticated molecular techniques has played a pivotal role in the investigation and understanding of molecular derangement responsible for this phenomenon. In this review, we report the main mechanisms involved in the development of resistance focusing on the role of different proteins and cell compartments in the ontogenesis of chemoresistance.
DRUG METABOLISM

Chemical Drug Modification
Metabolic enzymes involved in drug and xenobiotic detoxification influence individual drug response and resistance. This process is divided in 3 phases. The first one is mediated by the cytochrome P450 (CYP450), a superfamily of enzymes that catalyze the oxidation of organic substances. The second one is the formation of conjugates between these substances and glutathione, glucuronic acid, or sulfate due to glutathione S-transferase (GST), UDP-glucuronosyl transferase, and sulfatase, respectively. These enzymes are expressed in all tissues but prevalently in the liver and in enterocytes that are the first physical barrier that the xenobiotics have to go through to be absorbed and enter into the organism. The third phase of this process of detoxification consists in the exportation of metabolized substances through transmembrane pumps such as P glycoprotein and multidrug resistance (MDR) protein (MRP) family members.
Different regulation or genetic variations occurring on these enzymes and transporters can affect their action on drug processing, resulting in abnormalities in medicament absorption, distribution, metabolism, and excretion. CYP450 class of genes is encoded for more than 50 proteins that differ in their structure and expression. Cytochrome P450 functional differences are considered to be major determinants in organotrophism, responsible for organ-specific susceptibility to a given toxicant, 6 and interindividual variability. 7 Cytochrome P 3A4 is the most abundantly expressed CYP450 in human liver and small intestine and is known to metabolize more than 120 different drugs. A large number of human genetic polymorphisms have been described to occur within the CYP450 superfamily, and they influence protein functionality and consequentially susceptibility to drugs and eventually load to intrinsic resistance.
Frequently, coordinated deregulation of drug-activating enzymes of phase I and up-regulation of drug-conjugating enzymes of phase II are observed in drug-resistant tumor cells. 8 Platinum derived drugs such as cispatin, oxaliplatin, and carboplatin are alkylating agents that bind covalently to DNA after conversion in an active form. Glutathione S-transferase conjugates these substances with glutathione, 9 and the interaction causes inactivation of the drugs by formation of adducts that is subsequently eliminated from cells through ABC (ATP binding cassette) pumps. 10 Enhanced conjugating activity of GST may determine resistance to alkylating agents. Sensitivity to cisplatin is also associated with an enhanced presence of glutathione in colon cancer cells and with the expression of the enzymes responsible for its synthesis in different tumors. 11 
Efflux Pumps
Several proteins, members of the ATP binding cassette protein family (ABC protein), have been identified throughout the years as central players for the development of drug resistance mediated by alteration of detoxification mechanisms based on efflux pumps. This superfamily of proteins has the capability to actively promote, through the hydrolysis of ATP, the translocation of a wide group of substrates (drugs, steroids, metabolites) across cellular membranes. 12 This group of protein typically creates unidirectional flow of substrates from the cytosol to the extracellular matrix or to intracellular compartments. ABC proteins are associated with several genetic diseases such as During drug processing, different conditions favor alteration in drug uptake and export. Genetic variants of enzymes involved in drug processing reduce activation or enhance inactivation. Genetic mutations affect drug target genes causing modifications in drug-target interaction. Cancer cells respond to stress conditions by activating feedback pathway that keep them alive, such as enhanced proliferation signal (by epidermal growth factor receptor and mitogen-activated protein kinase/ extracellular single-regulated kinase pathway), deranged DNA repair mechanisms, and inhibition of apoptosis. All of these are mechanisms that counteract drugs' action, making the cell resistant to them. cystic fibrosis (CFTR), Stargardt disease (ABCR), and Dubin-Johnson syndrome (MRP-2). 13 It has been amply demonstrated that ABC proteins are involved in the development of MDR, a phenomenon in which the tumor acquires cross-resistance to an array of different compounds that are structurally and functionally unrelated. 14 ABC proteins' mechanism of action is given by increased cell detoxification, decreased uptake, and increased efflux and modification of the drugs. All these modifications are responsible for an overall reduction of delivery to the target molecules.
Four proteins have been identified as central player in the development of MDR, 3 of which are ABC protein: classic MDR (or PgP), nonYP glycoprotein MDR (MRP), and breast cancer resistance protein (BRCP). The fourth protein involved in the process is the lung resistanceYrelated protein (LRP), although LRP does not belong to the ABC superfamily of protein, because of its involvement in the MDR process. The nature of LRP and its function are described at the end of this section.
Multidrug resistance is an ABC membrane protein bound to a P glycoprotein. 15 It acts as a detoxifying agent for the cell by directly pumping, through ATP hydrolysis, toxins and xenobiotics out of the cell. Etoposide, doxorubicin, and taxanes are all substrates involved in the MDR-mediated efflux. 16 According to recent evidences, the overexpression of the MDR protein has also an indirect impact on passive drug diffusion. 17 Indeed, this protein acts indirectly on electrical membrane potential, ion transport regulation, and signal transduction, creating a significant alternation of compartmental biophysical parameters such as pH equilibrium.
It is well known that cancer cells have the capacity of growing in hypoxic microenvironment. In addition, because of enhanced metabolic rate, these cells often have increased glycolysis and increased production of lactic acid, which results in intracellular accumulation of protons. 18 Hyperproduction of protons in the cellular environment causes activation of the proton excludes (V-ATP ase, Na+/H+, and carbonic anhydrase) and consequent alteration of intracellularYextracellular pH gradient. 19 Malignant cells, especially in metastatic setting, present an inverted gradient with acidosis in the extracellular compartment and alkalosis in the intracellular one. This new biophysical setting deeply affects cell capability to uptake and process pharmacological compounds. Indeed, low pH in the extracellular domain causes protonation and neutralization of basic chemotherapeutic agents preventing them from entering into the targeted cells and explicating their cytotoxic function. In addition, perturbation of the intracellular pH leads to the formation of cytoplasmic acidic vesicles. Drugs' sequestration within these organelles causes protonation of the chemicals agents and elimination of the drug through vesicle degranulation. 20 NonYP glycoprotein MDR (MRP), also known as multispecific anion-transporter, profoundly differs in its functions and substrate specificity from the MDR. 21 Indeed, whereas MDR mostly expels neutral or basic hydrophobic compounds, MRP-1 presents high affinity for conjugated organic anions. Several evidences suggest that MRP-1 requires the presence of reduced glutathione (GSH) to promote expulsion of toxic agents from the cytosol. 22 The interaction between MRP-1 and GSH in the development of drug resistance is currently not completely unveiled; however, several authors have shown that GSH concentration in cancer cells stimulates the uptake of vincristine in MRP-enriched membrane vesicles. 23, 24 Vincristine, doxorubicin, and antifolates represent some of the substrates that are actively transported by MRP-mediated efflux. 16 The third protein involved in MDR is the BCRP, a half transponder of the ABC family presenting a single-nucleotideYbinding domain. In breast, colon, and gastric cell lines, overexpression of BRCP solely has been found associated with drug resistance to mitoxantrone, topotecan, and doxorubicin. 25 Another protein known to mediate chemoresistance is LRP, which belongs to the major vault protein family. 26 Vault proteins are the main component of the complex ribonucleoprotein particles. Although its role in chemoresistance is still under investigation, it is well known that vault proteins are involved in controlling DNA exposure to cytotoxic agent. Recent studies have suggested that, rather than acting as an active transporter, this protein is responsible for the uptake of pharmacological compounds present in the cytosol and sequestration of the drugs into exocytosis vesicles. Etoposide, doxorubicin, vincristine, paclitaxel, and cisplatin/carboplatin are all targets of LRP. 27, 28 INTRACELLULAR DRUG ACTIVITY
RTKs and Cell Signaling
In the last decades, the development of more sophisticated biomolecular investigations has led to a deeper and more comprehensive understanding of protein signaling networks that regulate cellular function. Several studies have highlighted that many of these cellular protein ''circuits'' are deregulated in cancer cells and that overexpression and activation (phosphorylation) of key proteins within the neoplastic lesion actually drive cell adaptation and survival throughout the different phases of cancer progression and development of resistance to chemotherapeutic agents. 29 For these reasons, in the past 3 decades, new chemotherapeutic strategies aiming at targeting specific molecules involved in signal transduction from the cell surface to the nucleus have been developed. 30Y32 During cancer progression and response to treatment, cancer cells are characterized by the development of intense interactions between different members of the RTKs superfamily. This interaction between multiple members of the family guarantees and intensifies the transmission of the signal from the cell surface to common downstream key effectors. For the presence of a complex and interconnected protein network, cancer cells easily overcome blockage at single receptor level by rerouting survival and proliferation signals through different members of the RTK family and their downstream effectors. 33 First, RTKs that were targeted by monoclonal antibody were members the EGFR family. 34 In human cells, there are 4 types of EGFR receptors: EGFR (ErbB-1), HER2/neu (ErbB-2), HER3 (ErbB-3), and HER4 (ErbB-4). 35 Receptors' activation occurs thorough homodimerization and/or heterodimerization that cause activation of specific signaling cascades leading to the activation of key prosurvival pathways such as PI3K/Akt, Ras/ Raf/MEK/Erk, and STAT. 36, 37 RTKs heterodimerizations occur between members of the same subfamily of receptors or between different subgroups. For example, heterodimerization of ErbB-2, ErbB-3, and IGF-1R generates enhanced cross-activation of 2 independent signaling pathways. This cross-activation is a mechanism that cancer cells use to overcome the inhibition produced by monoclonal antibodies and small molecules targeting RTKs. 38 Indeed, heterodimerization of ErbB-2, ErbB-3, and IGF-1R or compensative overexpression of IGF-1R has been reported as an elective mechanism of resistance to EGFR inhibitors in several types of cancer cell lines. 39 Moreover, several in vitro studies have reported that the administration of a selected EGFR inhibitor causes almost exclusively deactivation of the Ras/Raf/MEK/Erk, leaving the PI3K/Akt still able to compensate. In addition, rapidly compensatory mechanisms provided by the simultaneous activation of the EGFR and IGF-1R stimulate countervailing activation of the Ras/Raf/MEK/ Erk and PI3K/Akt pathways through activation of mediator proteins such as Shc, Src, or IRS-1. In in vitro models, combination therapies in which EGFR and IGF-1R are both inhibited have shown promising results in inducing down-regulation of PI3K/ Akt and Ras/Raf/MEK/Erk. 40 Activation of the EGFR/c-erbB2/MAPK signaling pathway has been recently demonstrated to be involved not only in direct activation of cell growth, but also in the development of resistance against hormonal therapy in breast cancer. Indeed, MAPK activation leads to phosphorylation of key serine residues of the estrogen receptor in breast cancer cells. ERK1/2-mediated estrogen receptor phosphorylation promotes activation of the receptor and ligand-independent stimulation of transcriptional activity. It has been suggested that such activation could play a role in developing resistance against drugs that antagonize the estrogen receptor itself. 41, 42 Other mechanisms of resistance that cancer cells develop to escape treatment with RTKs inhibitors are given by amplification and overexpression of compensatory RTK receptors, such as MET, 43 acquisition of ex novo secondary mutation on the receptors or of downstream effectors (i.e., EGFR, PI3K, K-Ras), 44 loss of tumor suppressor such as PTEN, 45, 46 and derangement of downstream effectors.
One of the most important pathways involved in the development of chemoresistance is the PI3K/Akt. Activation of the PI3K/Akt pathway occurs through growth factor receptor signaling, interleukin and other proteins involved in cell survival. Activation of the PI3K leads to recruitment of the receptor at the cellular membrane and consequent production of phosphoinositol-3 phosphates. 47 This second messenger is responsible for translocation of Akt to the cell membrane and consequent activation through phosphorylation by PDK. At the same time, PI3K, by involving of Grb2/SOS, IRS-1 and Shc, causes activation of Ras and consequently the Raf/MEK/Erk pathway. 48 Once Akt is activated, it modulates cell survival and apoptosis through different pathways: BAD, ASK-1, cyclin-dependent kinase inhibitors p21 and p27, 49 GSK3, FKHR members, and mTOR. For the central role that PI3K/Akt pathway plays in cell survival, it also has a tremendous impact on tumor response to chemotherapeutic agents. Several studies have demonstrated that the cytotoxic effect of chemotherapy often correlates with the capability of the agent to inhibit Akt. Indeed, pharmacological compounds able to decrease Akt activity are usually associated with increased cell death in numerous cell lines. The exact mechanism of action by which Akt induces chemoresistance is still under investigation. Experimental evidence has demonstrated that overexpression or hyperactivation of Akt plays a central role in the response to chemotherapeutic agents.
Cytoskeleton Organization
The cytoskeleton is a cellular dynamic structure capable of maintaining cell plasticity, and it is responsible for constant changes within the cell setting that lead to cell division, intracellular trafficking, and cell migration. Microtubules are dynamic microfilaments constituted by heterodimerization of >-/A-tubulin. They create protein complex with microtubule-binding proteins. 50 The dynamic equilibrium in the microtubules is maintained by constant polymerization and depolymerization of their constituents. Because of all the different functions in which this cellular compartment is involved, microtubules have been considered for a long time ideal targets for antitubulin chemotherapeutic compounds: taxanes and vinca alkaloids. Antitubulin agents are known to have the ability to interfere with cell division by blocking the transition between metaphase and anaphase during mitosis, and as a consequence, they induce apoptosis. Antitubulin agents act either as microtubules stabilizers or as destabilizers. 51 The first group of drugs (vinca alkaloids) interferes with polymerization by binding 1 or 2 specific domains of the tubulin and preventing the formation of the microfilaments and the mitotic spindle. The second group (taxanes) increases polymerization by binding specific sites on the b-tubulin contained within the surface of the microfilaments suppressing the dynamic function of the microtubules.
Antimicrotubule resistance develops through several mechanisms: MDR, alteration of the microtubules components, and deficient apoptotic signaling (p53, bcl-2, blc-xl mediated). 52 Alterations of the microtubules' component can either be qualitative or quantitative. Examples of qualitative modification include alteration of the >-/A-tubulin proteins or derangement of associated to microtubule proteins (MAP2 and MAP 4, STOP, survivin, and caveolin 1), alteration of the cellular localization, and posttranslational modifications. 53 Quantitative modifications of the microtubules include increased level of 1 specific tubulin isotope (i.e., bIII-tubulin) or mutation of the tubulin gene.
Apoptosis and DNA Repair
Chemotherapeutic agents act via different pathways all aiming at the same goal: to induce selective tumor cell death by inducing different cellular damages. Treatment efficacy depends not only on the direct cell impairment, but also on the cells' ability to respond to these damages by inducing the apoptotic machinery. Therefore, drugs' effect is associated with expression of specific death genes, coding, for example, for Bak, Bax, SMAC/DIABLO, PTEN, and p53, and down-regulation of survival counterparts, such as IAP proteins, Bcl-2 family members, proteins involved in PI3K/AKT signaling, and p53. 54 The susceptibility of tumor cells to drug-induced apoptosis depends on the balance between proapoptotic and survival (antiapoptotic) signals. Blockade or down-regulation of former pathway or upregulation of the latter one is a mechanism of MDR.
Resistance to doxorubicin, a DNA intercalating drug used in the treatment of a wide range of tumors, was observed, for example, in endometrial cancer, and it is due to up-regulation of the antiapoptotic PI3K/AKT signaling pathway. 54 Indeed, it was previously demonstrated that overexpression of PTEN in Ishikawa cells significantly enhances doxorubicin chemosensitivity due to PTEN ability to impair AKT activation. 55 This evidence confirms that one of the mechanisms of resistance to doxorubicin resides in cancer cells' capacity to escape apoptosis.
A key factor in the induction of apoptosis in response to radiotherapy and chemotherapy is the tumor suppressor protein p53. Approximately 50% of the tumors express mutation on the p53 gene. 56 Normal p53 is activated in response to different cell injuries; its activation results in cell cycle arrest and apoptosis. Activation of p53 is mediated by different cellular mechanisms such as DNA damaging agents, altered ribonucleotide pools, changes in redox potential, disruption of mitotic spindle, and so on. Thus, it is evident that most cytostatic drugs have to be p53 activators. When p53 is mutated, cells are less prone to initiate apoptosis and more resistant to DNA insult, such as that induced by chemotherapeutic agents. Indeed presence of abnormally functioning p53 is a common finding in MDR tumor cells. A large study done at the National Cancer Institute revealed a positive correlation between p53 status and cell sensitivity to cytotoxic drugs. P53 mutant cells are more often resistant to unrelated chemotherapeutic agents than p53 wild-type cells. 57 In vivo tumor cells are exposed to stress conditions, such as inadequate vascularization in large solid tumors, glucose and other nutrient deprivation, hypoxia, and low pH, which may contribute to the selection of subclones with decreased apoptotic potential and thereby lead to resistance to antitumor drugs. These stress conditions induce drug resistance through the activation of cell defense mechanisms that usually protect the cell from injury and promote its survival in case of nutrient deprivation. For instance, glucose-regulated stress response is associated with the development of cellular resistance to topoisomerase II (topoII) poisons, such as etoposide and doxorubicin. Topoisomerases are nuclear enzymes that regulate DNA supercoiling catalyzing the formation of transient single-(topoI) or double-stranded (topoII) DNA breaks, central for DNA transcription and replication. For these reasons, the formation of DNA-topoisomerase-drug complexes initiates the production of lethal DNA strand breaks and induces accumulation of those stable breaks in S-phase triggering checkpoint mechanism that leads to the activation of the intrinsic apoptotic pathway. 58, 59 Under stress conditions, like glucose starvation, the proteasome accumulates in the nucleus. This agglomeration induces degradation of nuclear proteins, including topoII, making the substrate unavailable for drug interaction. This mechanism leads the cell to etoposide resistance. Indeed, in vitro studies showed that proteasome inhibitors (i.e., lactacystin) or the presence of a mutant proteasome effectively confers etoposide sensitivity by reducing its translocation into the nucleus. 60, 61 Stress conditions induce drug resistance not only by adaptive changes, but also through genetic alterations that can occur during cancer cell proliferation. For instance, DNA mutations can modify drug molecular targets. For example, resistance to irinotecan or etoposide, 2 drugs that act on topoI and topoII, respectively, can be caused by mutations of the topoisomerase active site. This active site is fundamental for DNA cleavage and for the interaction between topoisomerase and pharmacological compounds. 62 Many cytostatic drugs cause direct or indirect activation of the DNA. Resistance toward these agents may be mediated by the enhanced capability of tumor cells to repair DNA damages. Cells exposed to genotoxic agents must repair DNA injury to survive, but if the damage is very severe and the cells cannot reverse the insult, they activate apoptosis. Nucleotide excision repair (NER) is one of the major mechanisms involved in the repair of DNA adducts, such as those resulting from the use of alkylating agents or those that irreversibly bind to DNA, such as cisplatin. 63 Twelve proteins are involved in NER, and up-regulation of some of them can increase the cell DNA repair activity and drug resistance.
Fluorodeoxyuridine monophosphate is the active metabolite of 5-fluorouracil (5-FU) that inhibits purine and thymidylate biosynthesis by binding and blocking thymidylate synthase. This results in an imbalance of the intracellular nucleotide pool, which causes profound alteration in DNA synthesis and affects the repair processes. 64 Mismatches, generated by the abundance of dUTP, are corrected by uracil-DNA-glycosidase as part of NER. Resistance to thymidylate synthase inhibitors is due to increase in dUTPases that limit the accumulation of dUTP and the consequent damage. Alterations of several DNA repair mechanisms are involved in the development of resistance. In vitro studies have shown that cancer cells acquire resistance to 5-FU when point mutations are developed during cell replication. Modification of the mismatch repair (MMR) system is one of the mechanisms used by tumor cells to overcome 5-FU mechanism of action. Several studies have reported increased 5-FU resistance in cells with deficiencies in the MMR system that is another mechanism of DNA repair. It corrects the errors generated by mismatched nucleotides or wrongly matched nucleotides occurring during replication. 65 Defect in this mechanism increases the occurrence of genetic mutations and gives the cells a higher tolerance to chemical modification of DNA. This accounts for the enhanced resistance to genotoxic anticancer agents. Moreover, the loss of some elements of the MMR system also favors cell ability to elude apoptosis when DNA is highly damaged DNA. 66 
CONCLUSIONS
Chemoresistance to anticancer agents is a consequence of multiple factors that include a wide variety of circumstances, such as individual variability and sensitivity to drug, tissue lineage, environmental localization of the tumor, its aggressiveness, and intracellular molecular alteration. We discussed different mechanisms of resistance related to drug processing and mechanisms of action. Indeed, resistance can arise at different levels, from the 3 different phases of drug processing, to drug intracellular activity, and more widely to the regulation of the main pathway involved in cell survival and proliferation ( Table 1) . The investigation of the mechanisms participating in the regulation of cell viability and the evaluation of the connections between different signaling pathways is relevant and is the major aim of proteomic studies in cancer research. Characterization of mechanisms and alterations occurring in survival pathways that lead the escape from apoptosis in response to drugs is useful for identifying new therapeutic targets and sets of biomarkers that could guide clinicians in the selection of treatment. Furthermore, there are a series of new promising proteomic techniques that will allow investigators to study the real-time variation of protein expression and activation according to different pathological or physiological conditions and cell response to a given stimulus, such as drugs.
In addition, because proteins play a central role in drug development because they are most often the drug targets for the new classes of molecularly targeted inhibitors, it is imperative to contemporarily monitor numerous biochemical pathways and to develop bimolecular techniques capable of creating accurate portrait of ongoing cellular signaling at a network scale. To achieve a more inclusive understanding of molecular adaptation to novel stimuli and to integrate molecular profiling into clinical practice, in the last 2 decades many innovative biomolecular technologies have been developed. One such method, which was invented in our laboratories, is the RPMA (reverse-phase protein microarray). The RPMA is a multiplex, high-throughput, highly sensitive technique capable of evaluating concurrently hundreds of different analytes not only in their native forms but also in their posttranslational modification.
The capability, through multiple tissue biopsies, to detect molecular derangements driving drug resistance allows identifying patients who develop resistance to a treatment before clinical manifestation of the phenomenon. Moreover, direct analysis of cellular derangement and identification of the mechanisms that are developing as a response to cellular damage will allow the medical community to select appropriate single-or multiple-agent treatment. In the future, profiling of individual tumors to predict drug responsiveness and interindividual variability in drug response will underpin the selection of the most appropriate chemotherapeutic regimens. Selective manipulation of signal transduction pathways involved in the mechanisms of resistance in combination with present chemotherapeutic drugs may lead to an increased potency in the clinic and the improvement of the efficiency of existing therapy, resulting in a better prognosis and overall survival.
